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Abstract 
Based on density functional theory calculations using pseudopotentials and a plane-wave basis, we studied the 
stability and electronic structures of armchair (n,n) and zigzag (n,0) type single-walled AlP nanotubes. The 
calculation demonstrated that the AlP nanotubes are energetically metastable structures. Less strain energy is required 
for rolling a two-dimensional hexagonal AlP structure into a tube with the nanotubes’ diameter increasing. Both the 
band gap and its type of the nanotubes are determined by their configurations. The armchair（n,n）are indriect-band 
gap semiconductors, with the band gaps in 1.062 eV-2.112eV (n=3-10), while the zigzag （n,0）nanotubes are 
driect-band gap semiconductors, with the band gaps in 0.659 eV-1.603eV(n=5-10). 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
With the decreasing size of semiconductor devices, the study of novel nano-structures for 
microelectronic and optoelectronic applications become intriguing. Ⅲ-Ⅴphosphides nano-structures 
have attracted great research attention for their unique electronic characteristics [1-3] and photoelectric 
characteristics [4-7]. In contrast to InP, which was widely used in LED, AlP is an indirect band-gap( 2.5 
eV)semiconductor [8] with low photoelectric conversion efficiency. For indirect band gap 
semiconductors, the photon absorption by electrons requires the participation of phonons. This  will affect 
the photoelectric conversion efficiency of the device, making its practical application difficult. 
Theoretical calculation shows that, AlP nanotubes may be direct band gap semiconductor [10], having 
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great potential in building nano-optoelectronic devices. However, detailed studies are still lacking. In this 
paper, density functional theory was used to study the electronic structure and stability of AlP nanotubes 
in different configurations. The results show that the armchair (n, n) nanotubes are indirect band gap 
semiconductors, and the zigzag (n, 0) nanotubes are direct band gap semiconductors; the band gap 
increases with the larger diameter. 
2. Methods 
This work is based on density functional methods with pseudopotential and plane wave basis set, using 
the first principle quantum mechanical calculation package VASP. PAW-PBE pseudopotential, and 
exchange-correlation functional with GGA approximation were used. The electronic configuration used 
were Al (s2p1) and P (s2p3), meaning that, the three valence electron in the outermost layer of the Al 
atom and five valence electron of the P atom , are involved in the calculation. The geometry optimization 
of bulk zinc-blende AlP and single-walled nanotubes were done using in a 9 * 9 * 9 Monkhorst-Pack k 
points, for the graphitic structure 11 * 11 * 1 Monkhorst-Pack t k points were used. Plane wave cutoff 
energy was taken as 400ev. The convergence accuracy of nuclear movement was (EDIFFG) -0.02. 
3. Results and Analysis  
3.1 AlP bulk zincblende structure and graphitic structure 
First, the geometry optimizations were done for zinc-blende AlP bulk strcture and graphitic structure. 
The atomic bond length, binding energy, and band gap were calculated, and the results were Compared 
with experimental values and other literature reports. Here, binding energy is defined as the difference 
between the total energy of a pair of AlP and the total energy of an isolated atom P and an Al atom. The 
calculated bond length of AlP in bulk zincblende structure is 2.39 Å. Compared with the experimental 
value 2.36 Å, the value after geometry optimization is very close to the experimental value. The error is 
within 2%, and is consisted with other reported results. In addition, the binding energy, and band gap Eg 
of zincblende structure are very close to the values in literature [9-11]. As in the laboratory they have not 
been prepared, the lattice parameter of the graphitic AlP was only compared with literatures data. The 
error is within 5% [9]. Therefore, in this work, the calculation method and the settings are applicable.
The single point energy of the system was calculated, when the distance between Al and P atoms or a 
bond length changing graphitic structure and zincblende structure. Shown in Figure 1, it can be seen that 
the structure of AlP zincblende structure is more stable than graphitic AlP. In graphitic structure, the 
bonds between atoms Al and P are sp2 hybrid bonds, while in zincblende structure, they are sp3 hybrid. 
So, in each state, the Al-P bond length is not the same. For zincblende structure, the Al-P bond length is 
2.39 Å, while for the graphitic structure it is 2.27 Å, the latter is shorter 5%. In addition, can be seen from 
the figure, AlP graphitic structure is a metastable structure. 
3.2 Single-walled AlP nanotubes 
Single-walled AlP nanotubes can be regarded as the structure been rolled up by the graphitic AlP 
sheet. So, we can use the same configuration parameters with the carbon nanotubes to identify the AlP 
nanotubes. Bulk AlP structure is indirect band gap semiconductor, different from the quasi-metallic 
properties of graphite, it can be expected the AlP nanotubes should have different properties with the 
carbon nanotubes. 
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Fig.1. The total energy per InP pair for the zinclende crystal and the graphitic sheet as a function of nearest neighbor distance
between Al and P. 
Fig.2. Strain energy as a function of tube diameter for single-walled armchair and zigzag AlP nanotubes 
To study their stability and electronic structure of AlP nanotubes, the models of eight armchair (n, n) 
nanotubes and eight zigzag (n, 0) nanotubes, in which n values 3-10, were constructed. First, the stability 
of the AlP nanotubes were studied. Figure 2 shows the strain energy changed with the nanotube diameter 
larger for different configurations of the armchair and zigzag nanotubes. Here, the strain energy is defined 
as the energy needed for a graphitic sheet to rolled up into a tube. It equals in value to the total energy of 
a pair of Al-P atoms in the nanotubes minus the total energy of the corresponding atoms in the graphitic 
structure. From the figure we can see, AlP strain energy of nanotubes increases with decreasing diameter, 
showing the inverse square relationship, and gradually approaches zero, which is consisted with classical 
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elasticity theory. As the diameter increases, the energy of AlP nanotubes will be close to graphitic 
structure. Thus, AlP nanotubes are metastable, whose energy is higher than the graphitic structure. The 
Al-P bond length calculations show that the length of the bond perpendicular to the tube axis will increase 
with the diameter decreasing [12], and the length of the bond Parallel to the tube axis remains unchanged
For these16 different configurations of AlP nanotubes, the band structures and density of states were 
calculated, Fig.3 shows two typical results of the (5,5) armchair and (8,0) zigzag nanotubes as an 
example. 
(a)                                                                                             (b) 
Fig.3. Band structures along the tube axis and corresponding density of states of (a) (5,5) armchair AlP nanotubes  (b) (8,0) zigzag
AlP- nanotubes 
As Figure 3 shown, the Fermi level Ef lies in the central of the band gap, and the density of states in 
vicinity to Ef is zero. For AlP armchair single-walled AlP nanotubes, the lowest energy point in the 
conduction band energy is the G point, while the highest energy point in the valence band is between the 
Z and G points, indicating that they are indirect band gap semiconductors. For the zigzag nanotubes, the 
lowest energy point in conduction band and the highest energy point in valence band are both in G, 
showing that they are direct band gap semiconductors. Further analysis revealed that their band gap 
increases with the increase of the nanotubes diameter, shown in Figure 4. Of armchair nanotubes, its band 
gap varied from 1.062eV ~ 2.112eV, corresponding to (3, 3) - (10, 10) nanotubes. For zigzag nanotubes, 
its band gap varied from 0.659eV ~ 1.603eV, corresponding to (5, 0) - (10, 10) nanotubes.  
In summary, for the zigzag (n, 0) nanotubes, they are direct band gap semiconductor. In addition, the 
band gaps are increasing with the diameter larger. This makes the (n, 0) nanotubes great potential for 
application in solar photovoltaic devices, etc. For example, if we can prepare a composite structure with 
different diameter of nanotubes, the efficiency of solar energy conversion will be greatly improved.
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Fig.4. Band gap as a function of tube diameter for single-walled armchair and zigzag AlP nanotubes 
4. Conclusion 
In this paper, 16 different configurations of AlP armchair (n, n) single-wall nanotubes and zigzag (n, 0) 
single-walled nanotubes were studied. AlP nanotubes are metastable structure. Armchair (n, n) nanotubes 
are indirect band gap semiconductor, band gap at 1.062 eV-2.112 eV (n = 3-10); zigzag (n, 0) are the 
direct band gap semiconductor, band gap at 0.659 eV-1.603 eV (n = 5-10). In particular, AlP zigzag (n, 0) 
nanotubes are direct band gap semiconductor and relatively more stable in structure, indicating the great 
potential in applications as solar photovoltaic devices. 
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